Aim: We want to evaluate the relationship of self-assessed experience and proficiency, manual dexterity and visual-spatial ability with surgical performance.
| INTRODUC TI ON
Expertise in periodontology requires mastery of a diversity of knowledge, interpersonal, cognitive and motor skills. Although some subspecialties may emphasize a specific skill, most clinicians must be trained in all domains and master a knowledge drawn from areas such as molecular biology, ethics and psychology (Ericsson, Charness, Feltovich, & Hoffman, 2006) . However, in periodontal plastic surgery, success is ultimately dependent on the precise and delicate execution of a given intervention.
The impact of individual manual dexterity on the final outcome has been documented in a multicentre randomized controlled clinical trial, comparing the results after mucosal recession coverage with or without the adjunctive use of connective tissue grafts (Cortellini et al., 2009 ). The adjusted odds of obtaining complete root coverage were 5.09 times greater with the combined approach using a free connective tissue graft. This supported results from previous systematic reviews (Buti, Baccini, Nieri, La Marca, & Pini-Prato, 2013; Cairo, Nieri, & Pagliaro, 2014; Chambrone & Tatakis, 2015) . In spite of the fact that interventions were performed by experienced periodontists, specifically trained and calibrated to perform the tested surgical approaches, the provider effect in the outcome was significant with adjusted odds ratios ranging from 2.72 to 18.24 (Cortellini et al., 2009 ).
In surgical specialties, valid and reliable metrics should be accessible to evaluate technical proficiency of the provider. Unfortunately, some very senior surgeons may have acquired their seniority and rank on the basis of management ability, science (papers and grant income) and patient care but are not quite as technically proficient.
Thus, subjective perceived surgical abilities generally do not reflect objectively assessed surgical performance (Gallagher, Smith, & Bowers, 2003) . It has been proposed that standardized categories along the competence continuum (layperson, beginner, intermediate and expert) would be useful and help in distinguishing between graduates and experienced surgeons (Dreyfus & Dreyfus, 1986; Patel & Groen, 1991) . Nevertheless, without testing operative skills that are based on an objective assessment (Darzi & Mackay, 2002; Martin et al., 1997; Niitsu et al., 2013) and not only on the subjective feedback of a supervisor, establishing boundaries between each subgroup is as difficult and artificial as distinction experts and novices (Salthouse, 1991) .
In the attempts to metrically assess the technical capabilities of surgical residents, the Objective Structured Assessment of Technical Skills (OSATS) was one of the first widely accepted approaches (Martin et al., 1997) . It was originally developed for a bench station test and consists of a task-specific checklist and a global rating scale.
Since first reported, OSATS has been modified and tested in many different surgical areas. It has been reported in detail for its validity and reliability (Martin et al., 1997; Niitsu et al., 2013; Ramachandran, Ghanem, & Myers, 2013; Reznick & MacRae, 2006) and has become a common tool to evaluate surgical performance in specialties such as open surgery, cardiac surgery (Hance et al., 2005) and gynaecology (Larsen et al., 2006) , but so far not in the evaluation of technical skills in periodontal surgery.
To delineate the difficulty of motor tasks in surgery, video recordings have been recommended to analyse the complete procedures, in order to determine the technically demanding sequences and to categorize them based on the level of psychomotor skills needed in the particular sequence (Armstrong et al., 2012; Kaufman, Wiegand, & Tunick, 1987; Nickel et al., 2016) . The identification of such representative tasks, reflecting the overall difficulty level of the surgical intervention, allows the evaluation of knowledge and psychomotor skills that are needed to perform the complete task under standardized laboratory conditions (Anastakis et al., 1999) . Furthermore, to capture the essence of superior surgical performance properly, it is crucial to distinguish between performance, skills and abilities. While surgical performance describes the global efficiency with which a complex activity is completed, skills are the subcomponents of a given performance representing the interaction of experience and task-relevant capacities of the performer. Abilities may be largely innate and describe the adaptive capacities combined for given skills (Schueneman & Pickleman, 1993) .
The whole point of the surgical training is to improve performance, make performance consistent and reduce error. Therefore, it is essential to clearly and appropriately identify what should be measured and how it can be metrically assessed to tightly defining what differentiates optimal from suboptimal performance.
Demographic information such as age and gender (Hamdorf & Hall, 2000; Risucci, Geiss, Gellman, Pinard, & Rosser, 2001; Schueneman, Pickleman, & Freeark, 1985; Triggs, Calvanio, Levine, Heaton, & Heilman, 2000) , medical school grades (Keck, Arnold, Willoughby, & Calkins, 1979; Papp, Polk, & Richardson, 1997; Scholz et al., 2006) and manual dexterity tasks (Francis, Hanna, Cresswell, Carter, & Cuschieri, 2001; Grober et al., 2004; Ramachandran et al., 2013; Squire, Giachino, Profitt, & Heaney, 1989; Steele, Walder, & Herbert, 1992) failed to correlate with surgical performance.
Moreover, the popular lay notion that expert surgery is mainly based on fine psychomotor hand control seems to be questionable (Grace, 1989; Wanzel et al., 2003) . Recent work on the relative importance of psychomotor ability has found strong correlations between scores on high-level visual-spatial tests and efficiency of hand motion in novice surgical trainees with Pearson correlations ranging from 0.40 to 0.58 (Groenier, Groenier, Miedema, & Broeders, 2015; Groenier, Schraagen, Miedema, & Broeders, 2014; Wanzel, Hamstra, Anastakis, Matsumoto, & Cusimano, 2002; Wanzel et al., 2003) . These findings indicate that spatial perception is a factor related to psychomotor ability and must be considered as an important variable for optimal clinical performance. Hence, for research and educational purposes, not only criteria such as different psychomotor abilities should be tested but also spatial perception like orientation, visualization and kinaesthetic imagination.
It is the aim of the present study to assess the surgical performance in a group of experienced periodontists and to evaluate a set of psychomotor and visual-spatial variables in order to test their correlation and predictive value with the aforementioned successful surgical outcome. The formulated alternative hypothesis was that of no difference in surgical outcome based on (a) self-assessed variables, (b) visual-spatial ability and (c) psychomotor ability.
| MATERIAL AND ME THODS
A total of 26 periodontists that had subscribed for a 2-day training course in periodontal microsurgery were evaluated in this study.
Clinical Relevance
Scientific rationale for the study: Evaluation of periodontal surgical performance requires objective criteria with predictive values for successful surgical outcome. This study was to evaluate a set of psychomotor and visual-spatial variables to test the aforementioned relationship.
Principal findings: Self-assessed proficiency and experience levels were poor predictors for surgical outcomes. Visualspatial ability tests, however, may be used as predictors for surgical performance.
Practical implications: For research and educational purposes, it is suggested to metrically assess surgical performance in order to classify trainees into expertise levels.
The application of visual-spatial ability tests has a predictive value for clinical outcome measures.
Participants were recruited on a voluntary basis following ethics approval from the Institutional Internal Review Board (University of Zurich, Switzerland). After briefing on the procedures, informed consent for participating clinicians was obtained. Subjects were to be excluded if they had previously been assessed on any of the tests of visual-spatial ability or manual dexterity. All 26 professionals were included in the study. To ensure confidentiality, all data that could identify the involved subjects were replaced with participant codes.
The study consisted of four parts, based on the evaluation of independent (Part 1-3) and dependent variables (Part 4):
| Collection of personal data (Part 1)
A collection of personal data was performed using a questionnaire in terms of (a) 
| Detailed determination of visual-spatial abilities (Part 2)
In the present study, the following three tests were selected to Ekstrom et al., 1976) and (c) Mental Rotation Test (MRT) (12 tasks of high-level visual-spatial ability; Vandenberg & Kuse, 1975) . In each category, the tasks had to be completed within three minutes (Appendix 2). The score on each test was equal to the number of correct answers minus the number incorrectly answered.
| Detailed evaluation of psychomotor abilities (Part 3)
Hand and finger dexterity of the subjects were evaluated by an installation consisting of (a) sequently evaluated by four independent raters. As suturing requires different psychomotor and visual-spatial skills, it has been identified as a key performance indicator for a surgical operation (Khan, Bann, Darzi, & Butler, 2003; Vedula et al., 2016) . Based on preliminary video recordings of complex periodontal surgical tasks, in the present study, the subjects were assessed on their ability to suture a papilla basis to a buccal flap with one interrupted microsurgical suture, a surgical sequence that constitutes a meaningful measurable component. The time taken to complete the task was recorded starting from picking up the needle to cutting the thread after tightening the knot. All procedures were performed with a surgical microscope (OPMI Pro Ergo; Zeiss) at 8 times magnification, microsurgical instruments (SwissPerio, Hu-Friedy, Chicago, IL, USA) and 8-0 nylon sutures (Resorba Medical GmbH, Nürnberg, Germany).
| Statistical analysis

| Descriptive statistics
The analysis consisted of a general descriptive summary of the collected data, including absolute and relative frequencies for categorical variables, mean, standard deviation, minimum, maximum and median for continuous and ordinal ones.
Intraclass correlation coefficient (ICC) was obtained to assess inter-rater agreement or concordance between four independent examiners regarding OSATS dimensions and overall score. A six-level nomenclature was used to assess the level of agreement (Landis & Koch, 1977) .
| Bivariate statistics
Bivariate analyses were carried out to study the association between independent (self-assessed aspects, visual-spatial ability and psychomotor scores) and dependent variables (OSATS scores). Because of the small sample size, non parametric tests were applied.
Spearman's non-linear correlation coefficient (Rho) was computed to quantify the association between visual-spatial and psychomotor parameters with OSATS scores. The Kruskal-Wallis test was used to assess homogeneity of the distribution of OSATS scores through more than two independent samples, like those determined by handedness (left, right, both handed), self-reported experience (<1, 1-5, >5 years) or self-perceived proficiency in periodontal surgery (novice, advanced, expert) of the subjects.
The Mann-Whitney test was used to assess homogeneity where only two samples were involved: use of magnification aids (≤ 1 year or > 1 year).
The same methods were applied to study the relationships between the independent variables themselves. The level of significance was set at α = 0.05.
| RE SULTS
| Demographic data
Demographic characteristics (collection of personal data, Part 1) are summarized in Table 1 . A total of 26 periodontists were involved in the present study. None of them had previously been tested on visual-spatial abilities, psychomotor skills or surgical performance.
Two participants did not fill in the self-evaluation questionnaire.
With regard to self-reported experience, the majority (46.1%) indicated to have done periodontal surgeries for one up to 5 years, while 38.5% belonged to the highly experienced group with more than 5 years of practice involvement. Only four participants (15.4%) reported to be unexperienced in periodontal surgery.
A total of 69.2% of the professionals classified themselves as routined surgeons with high skills (57.7% advanced, 11.5% experts), while almost every third surgeon allocated himself or herself to the novice group (30.8%).
All subjects indicated to use loupes, 76.9% of them on a routined basis for more than 1 year. For the same duration, only 7.8% of the surgeons indicated to be familiar with microscopes. The other subjects were equally distributed to the microscope novice group or the ones working without surgical microscopes.
| Descriptive statistics for visual-spatial and psychomotor ability tests
The descriptive statistics of visual-spatial (Part 2) and psychomotor ability tests (Part 3) are depicted in In the psychomotor ability test (SMET), one subject yielded the maximum score of 100% with a completely error-free test. Two other subjects completed the test without errors but lower hand speed, resulting in less floor touches and reduced added-up covered distances. Overall, the range of scores varied from 27.2% to 100% with a mean of 62.1 ± 18.2%.
| Inter-rater agreement for OSATS and surgical performance (OSATS)
Overall the concordance between the raters was good with an ICC value of 0.826 (CI 95% [0.730, 0.907] ), indicating that all observed variability may be explained by the differences between subjects and not by the differences between the raters. The agreement was Note. Frequency distribution (n = 26) related to the collection of personal data of the subjects. loupes and surgical microscopes were too small, the Kruskal-Wallis test was not able to detect significant differences between the groups.
TA B L E 1 Demographic characteristics (Part 1)
| The relation between self-assessed variables and OSATS
In the relation between the self-reported experience with periodontal surgery and OSATS, the median values seemed to increase with more profound experience of the professionals. Due to the small sample size, the Kruskal-Wallis test was not able to detect this difference to be statistically significant (Figure 3) .
Interestingly, the OSATS values related to self-perceived proficiency were lowest for the group of the highly experienced surgeons, followed by the group of novices and the group of the advanced experienced surgeons (Figure 4 ).
| The relation between visual-spatial ability values and OSATS
Within the present cohort, no significant correlations could be found between intermediate-level visual-spatial abilities (CCT) and surgical performance, measured by OSATS. Similarly, no correlations were seen between high-level visual-spatial abilities (MRT) and OSATS (Table 3) . Table 3 ).
| The relation between psychomotor ability values and OSATS
With a Spearman's Rho correlation coefficient of 0.044, no relation was found between hand dexterity and OSATS overall. Similarly, there was no correlation between dexterity and the single dimen- Notes. Determination of visual-spatial ability (Part 2) with low-level (1), intermediate-level (2) and high-level (3) tests (n = 26). Determination of psychomotor ability (Part 3) (n = 26).
F I G U R E 3
The box plots depict the relation between OSATS (y-axis) and the self-reported experience in periodontal surgery, grouped according to the duration of exposure in <1 year, 1-5 years and >5 years F I G U R E 4 The box plots depict the relation between OSATS (yaxis) and the self-perceived proficiency level in periodontal surgery, grouped into novice, advanced and expert levels (°extreme values)
| D ISCUSS I ON
The current study aimed at the assessment of surgical performance in a group of periodontists with various experience in clinical practice.
A set of psychomotor and visual-spatial tests, as well as self-assessed variables enquired by a questionnaire, was evaluated in order to test their correlation with the aforementioned surgical outcomes, measured by OSATS (Enochsson et al., 2006; Niitsu et al., 2013) . The validity and reliability of the OSATS as an instrument to assess operative skills and performance has been documented in systematic reviews of different surgical specialties (Bhatti, 2017; Ghaderi et al., 2015; Hatala, Cook, Brydges, & Hawkins, 2015; van Hove, Tuijthof, Verdaasdonk, Stassen, & Dankelman, 2010) except for periodontal surgery.
It is supported by several studies that successful outcomes of surgical procedures are proportional to the experience and seniority of the performer (Chan, Srinivasan, & Ramakrishnan, 2010; Pohlenz et al., 2007) . In the present study, 69.2% of the subjects judged themselves to be routined surgeons (self-perceived proficiency) and 91.2% were, indeed, performing periodontal surgeries on a regular basis for more than 1 year (self-reported experience). However, the present analysis failed to demonstrate a correlation for both the selfperceived proficiency and self-reported experience with the actual surgical performance. This finding represents the inhomogeneity regarding the expertise levels within the different groups and supports the problem that after completion of an educational course, subjects are generally awarded a "certificate of completion" rather than a "certificate of competency."
On the contrary, in the performance test (OSATS), the selfdeclared experts ranked lowest. This result was not unexpected, as overconfident judgement by so-called expert clinicians is a welldescribed cognitive bias that may influence reasoning and medical decision-making (Croskerry & Norman, 2008; Saposnik, Redelmeier, Ruff, & Tobler, 2016) . The literature of behavioural sciences has demonstrated that the overconfidence bias also plays an important role in self-assessment where it is axiomatic that relatively incompetent individuals consistently overestimate their abilities (Berner & Graber, 2008; Eva & Regehr, 2005; Krueger & Dunning, 1999) . Usually, overconfidence negatively affects diagnostic accuracy, treatment performance and recognition of failures as well as treatment errors (Graber, 2013) , by both overestimating ability and overestimating the accuracy of one's knowledge. On the other hand, research in psychology field also indicates that most functional efficacy judgements are those that slightly exceed what one can do at any given time (Weinberg, 2009) , suggesting a beneficial effect of a self-confident mindset.
In agreement with a recent study on the influence of visualspatial abilities for the clinical performance (Schwibbe, Kothe, Hampe, & Konradt, 2016) , the results of the present study have confirmed a correlation between the aforementioned characteristics and the surgical outcome. It is evident that visual-spatial ability influences the clinical outcome depending on the various stages of the learning process (Ackerman, 1988) and the complexity of the tasks (Schwibbe et al., 2016) . While visual-spatial abilities had higher predictabilities for clinical performance in the associative phase, manual dexterity tests presented a higher impact in the autonomous phase (Ackerman, 1988) . It has to be realized that only the low-level visualspatial ability test revealed a significant correlation with the overall surgical performance, while the intermediate-and high-level visualspatial ability test did not. This is in disagreement with a systematic review of predictors of surgical performance (Maan, Maan, Darzi, & Aggarwal, 2012) TA B L E 3 Relation between visualspatial and psychomotor ability tests and OSATS power. The reason for this may be the fact that the professionals included in the present study had not yet reached the level of the associative stage of the learning process. So far, visual-spatial ability correlated most effectively with successful surgical performance in several other studies (Abe et al., 2017; Brandt & Davies, 2006; Wanzel et al., 2002 Wanzel et al., , 2003 .
Similar to the self-assessed variables, psychomotor ability tests were not able to identify a correlation between dexterity assessments and clinical performance. This is in contrast to a study evaluating the influence of manual abilities to the acquisition of dental skills (Schwibbe et al., 2016) , resulting in a positive influence of psychomotor ability on task performance, valid for consistent-simple and inconsistent-complex tasks.
Yielding a mean OSATS value of 3.3 for all three dimensions
(Respect for the tissues, Hand motion & economy of movements and
Instrument handling), the surgical performance must be judged as being relatively poor. On one hand, a plausible explanation for the relatively poor surgical outcomes is the notion that if a surgeon cognitively understands a procedure, he will be able to satisfactorily perform that procedure in the operating theatre (Kaufman et al., 1987) . In that respect, this conclusion obviously represents one of the biggest fallacies in the training of surgeons. On the other hand, OSATS has a number of methodological problems. One is the fact of asking experienced surgeons to score performance that has not been well defined operationally or where there is ambiguity in the scale that they are using. In the present study, the level of agreement between the four raters was very high for mean values in the group (OSATS overall 0.826), supporting the reliability of the assessment tool. However, it has to be realized that individual OSATS values may vary substantially depending on the judgement of the assessors. Moreover, the OSATS method presents with another relevant shortcoming. Even though it assesses clinical performance, the clinical outcome is not elucidated.
Hence, the clinical relevance of OSATS has to be questioned within the context of evaluating surgical performance in periodontology.
In conclusion, the results of the present study have identified that visual-spatial ability tests may be predictive for successful clinical performance. In contrast to common belief, self-perceived proficiency, experience and manual dexterity did not have any predictive value. Based on the positive correlation between spatial thinking and performance and the recent findings that visual-spatial skills can be trained (Uttal et al., 2013) , it might be indicated to first complete a spatial training program before joining a specific hands-on course in periodontal surgery.
As the professionals participating in the present study were heterogeneous in their proficiency level, it is suggested to test the predictive value and correlation of the aforementioned variables with clinical performance in a more homogenous group of novices with a higher number of subjects.
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